Summary Periodic radiant heat was applied to the back of the human trunk by the use of an infrared lamp and the sweat rate of non-irradiated regions was recorded continuously by means of resistance hygrometry. A general trend was observed that the sweat rate increased as the irradiated area was warmed during the lamp-on phase and decreased with the cooling of the area during the lamp-off phase, with a delay of a few seconds. The degree of such synchronization of sweat rate with the heating cycle was largely affected by the length of the on-off period, and varied with individuals. The individuality appeared to be most distinct with repetitive irradiation of a two-minute period, consisting of one minute each of lamp-on and lamp-off phases. The magnitude of the sweat response was affected by the basal level of sweat rate and by the skin region, but the pattern of the sweat response was not significantly influenced by them. No significant seasonal differences were noted in the pattern of sweat response.
Summary Periodic radiant heat was applied to the back of the human trunk by the use of an infrared lamp and the sweat rate of non-irradiated regions was recorded continuously by means of resistance hygrometry. A general trend was observed that the sweat rate increased as the irradiated area was warmed during the lamp-on phase and decreased with the cooling of the area during the lamp-off phase, with a delay of a few seconds. The degree of such synchronization of sweat rate with the heating cycle was largely affected by the length of the on-off period, and varied with individuals. The individuality appeared to be most distinct with repetitive irradiation of a two-minute period, consisting of one minute each of lamp-on and lamp-off phases. The magnitude of the sweat response was affected by the basal level of sweat rate and by the skin region, but the pattern of the sweat response was not significantly influenced by them. No significant seasonal differences were noted in the pattern of sweat response. Well-synchronized sweat response was observed in a majority of natives from warm regions and in many athletes, but in few non-athletic individuals from cool districts. This type of sweat response is considered to be mediated through neural reflex pathways involving the central thermoregulatory mechanism. Improvement in sweat responsiveness may result from facilitation somewhere along these pathways, which may be acquired only by long-term heat acclimatization or adaptation to torrid climate.
Generalized sweating in man occurs as a rhythmic sequence of sweat expulsions, and its rate is not very steady but is characterized by wave-like fluctuations. Two kinds of waves have been recognized, one with relatively small amplitudes and short cycles of about 1 to 3 min (fast waves) and the other with larger amplitudes and longer cycles of 7 to 12 min or longer (slow waves) (RANDALL, 1946; HARDY, 1960; CUSTANCE, 1962; TAKAGI et al., 1966) . In general they are so irregular and often so obscure that their frequency characteristics are extremely difficult to estimate. However, if a periodic heat stimulus is given, sweating is expected to show a synchronized response to the heating cycle, as long as the frequency of the stimulus is close to the spontaneous frequency of sweating. Preliminary experiments revealed that the sweat rate responded well to a periodic heat stimulus, depending on the length of the period. These preliminary experiments also revealed that the sweat responsiveness varied with individuals. The present work concerns possible factors affecting the mode of sweat response to a periodic radiant heat stimulus and its individual variation, with special reference to its possible relationship with adaptability to heat. These factors include basal sweat rate, season, climate of the native region, athletic career, and age. irradiation was made equal to the lamp-off interval, with the length of the period ranging between 1 and 4 min in some experiments and 2 min in all the other ones. Experimental data are based on 20 irradiation cycles unless specifically noted. Sweat rate on a non-irradiated area or areas was recorded by means of resistance hygrometry (NAKAYAMA and TAKAGI, 1959; TAKAGI et al. , 1966 ) on a pen-writing oscillograph. A skin area of 15 cm2on the volar aspect of the right forearm was used as a test area in most cases, while the symmetric area of the left forearm, an area on the upper front chest or on the ventral aspect of the right thigh was used as an additional test area in the other cases. A mechanical delay of 5 sec, which was the time required for the air to pass from the test area to the humidity sensor, was corrected in the analysis of the sweat rate record. Calibration of the sweat rate was done in the majority of experiments by the method described by VAN BEAUMONT et al. (1966) . In some earlier experiments, the calibration was based on the factory-made calibration chart, which was later found inaccurate because of considerable changes in characteristics of the humidity sensor with aging. The skin temperature at the center of the irradiated area was recorded by the use of a thermistor thermometer, whose tip was sheltered from direct irradiation with a small piece of rubber. The skin temperature of the test area and/or rectal temperature were recorded in some cases using thermistor thermometers and specially-made high-gain amplifiers, in order to detect possible slight changes of them in response to the periodic irradiation. period.
METHODS

RESULTS
The skin temperature at the test area also did not show any changes related to the periodic irradiation.
Irradiation period
Preliminary experiments were done with on-off periods of 1, 1.5, 2, 3, and 4 min on 9 subjects. In many subjects the sweat rate showed an apparently synchronized response to the irradiation cycle of most of the periods examined ( Fig. 1) , while others responded only to that at longer periods. Two typical cases are shown in Fig. 2 , where the per cent change of the fluctuation range of sweat rate during each of 8 irradiation cycles is superimposed for 5 different irradiation periods. Apparently, Subject JL excels SM in sweat responsiveness for every irradiation period examined. Judging from patterns of sweat response shown in Fig. 2 , none of the 9 subjects showed a better response to an irradiation period of less than 2 min than to that of 2 min or longer. Data of the 2 min periods appears to show the sharpest contrast between individuals. Consequently, the irradiation period of 2 min, with the lamp on and off every 60 sec, was adopted for further experiments for evaluation of individual differences in sweat responsiveness. angle of 20 cycles was calculated and plotted against the phase angle. In general, the higher the basal sweat rate, the greater was the amplitude of sweat rate fluctuations.
This relationship is more clearly demonstrated in Fig. 4 . Here, the mean forearm sweat rate at the minimum is considered the basal sweat rate and 
I rradiation intensity
In order to examine the effect of the rate of heating on the pattern of the sweat response curve, periodic heating with varying intensities was tried in a few ex- periments on subjects who showed "good sweat responsiveness" with high reproducibility. The results are represented by a few sweat response curves in Fig. 6 . Attenuation of the heat intensity by 1/4 or 1/3 reduced sweat responsiveness, i.e. , it deformed considerably the sweat response curve and reduced its reproducibility (Fig. 6A, B) . Sweat responsiveness to periodic heating with a reduced intensity was improved with a longer on-off period, although the sweat response curve was more ragged than that with the steady intensity (Fig. 6C) . On the other hand, an increased intensity of the heat failed to cause an appreciable improvement of the sweat responsiveness with a shorter on-off period (Fig. 6D) , it hardly increased the amplitude of fluctuations of the skin temperature at the heated area but raised the temperature of fluctuation.
Seasonal variations
Experiments were carried out both in summer and winter on 12 subjects. Data from 4 of the 12 subjects with very poor sweat responsiveness were excluded from statistical comparison. The pattern of sweat response curves from the summer experiments and that from the winter ones are alike in general (cf. Fig. 8 ). The mean curve obtained from sweat response curves of the 8 subjects for each season is illustrated in Fig. 7. (When 2 or more experiments were performed on a single subject in one season, the mean sweat response curve for the season was drawn.) Paired t-tests indicate no significant differences between the data for both seasons at any phase angle of the irradiation cycle (P > 0.05), although the ascending limb of the curve during the lamp-on phase is distinctly more convex in winter than in summer in 5 of the 8 subjects, while no apparent differences were noted in the other 3.
Individual differences Sweat response curves obtained from repeated experiments on a single subject are nearly alike in pattern in many cases, except for cases of profuse sweating and intermittent, light sweating. Several examples with a variety of sweat response patterns are illustrated in Fig. 8 (see also Fig. 3B ). There appears to be a trend that the reproducibility was reduced in subjects with less synchronized sweat response. Interestingly, however, a certain characteristic pattern was noted in a few cases of poor sweat responsiveness (e.g., KM, JT in Fig . 8) . The reproducibility appears to be especially high among data from experiments performed on dates close to each other.
Quantitative comparison of sweat responsiveness was attempted by the following data treatment. A "standard sweat response curve" was proposed , and the degree of deviation of each sweat response curve from the standard one was determined. The standard sweat response curve was drawn up based upon the mean curve obtained from the sweat response curves of 20 subjects with good sweat responsiveness (Fig. 9) . (The smoothest curve was selected for each subject on whom two or more experiments were performed). The degree of deviation (D) of a sweat response curve from the standard one was determined by the following equation :
where D is a difference in height (%) between the sweat response curve and the standard one, read at 5 sec intervals of the irradiation cycle, and N denotes the number of readings, i.e., 24.
The 39 younger Asian subjects were divided into three groups according to Fig. 8 . Superimposed sweat response curves from repeated experiments for each of 9 subjects. Subjects with good, fair, and poor sweat responsiveness are shown in top, middle and bottom rows, respectively. Curves with thick and thin lines are of winter and summer experiments, respectively. Fig. 9 . Left: The mean curve with standard deviation (shaded area) obtained from sweat response curves of 20 subjects with good sweat responsiveness. Right: The "standard sweat response curve" derived from the left curve, which has been smoothed and slightly modified to make the full scale of the sweat rate fluctuation 100%. responsiveness to non-athletic men. However, the number of data was so limited in some sub-groups, especially in those of Group H-I (none), Group C2-II and Group H-II, that Groups C1 and C2 were put together to form Group C for statistical treatment and the data of Group H-II were excluded. Essential comparisons between the groups are shown in Fig. 10 . The effect of the climate of the native places can be examined by comparing the data of Group with those of Group since the effect of athletic career can be disregarded in those groups. The difference between them are highly significant (P<0.01).
Comparison between the data of Group C-I and those of group C-III reveals the effect of athletic careers. The difference between them is also significant (P < 0.02). 
DISCUSSION
It has been asserted by many investigators that the responses of sweat rate to local cutaneous heating or cooling are of the nature of a reflex involving the central thermoregulatory mechanism (KUNO, 1956; BREBNER and KERSLAKE, 1961; BULLARD et al., 1967; RAWSON and HARDY, 1967; BANERJEE et al., 1969) . The present observations that sweat responses to periodic heating were nearly identical in pattern at various skin regions also reveal that the reflex arc involves the higher central mechanism. It appears, however, that synchronism of sweat response with periodic cutaneous heating is not directly associated with the activity level of the central thermoregulatory mechanism. Although the magnitude of sweat response to the periodic irradiation of a fixed parameter appeared to be a linear function of the basal level of sweat rate, its pattern was not affected by the latter as long as sweating was continuous and not so profuse as to drip. BREBNER and KERSLAKE (1961) applied radiant heat of sinusoidal variation in intensity to the front of the trunk with a cycle length between 8 and 70 sec, and observed that the forearm sweat rate followed the fluctuation of the radiation intensity with a delay of not more than 3.5 sec. Their experiments show that sweat rate may respond to much shorter periods of heating cycle than those adopted in the present study, but they made no remarks on individual variations.
In the present study, not all the subjects showed apparent responses to the heating cycle of the 120 sec period. BANERJEE et al. (1969) demonstrated that the sweat rate responds to the rate, rather than the degree, of cooling of a localized skin area. The pattern of generalized sweat response to intense irradiation of an ample time length (2 min or over) was examined by NADEL et al. (1971) , and it was found that sweat rate was affected by the rate of skin temperature increase as well as the magnitude of the increase. The present observations reveal that a certain rate of heating and cooling is necessary to bring about a synchronized sweat response to periodic irradiation, and yet further increase in the rate of heating hardly improves sweat responsiveness.
The observations that no fluctuation in the rectal temperature was detected in association with the heating cycle and that subjects of smaller build did not respond more, but rather less, than those of larger build also suggest that sweat rate may respond to cutaneous heating and cooling, rather than to the change of the body heat content. It may be assumed that differences in sweat responsiveness among individuals lie in the degree of synchronization of spontaneous cyclic activity of sweating with the heating cycle. The magnitude of sweat response at a localized area cannot be a good index of an individual's sweat responsiveness, because it is largely affected by the basal sweat rate and because the sweat rate of a localized area cannot represent that of the whole body. Consequently, the present study is concerned mainly with the pattern, but not much with the magnitude, of sweat response with respect to individual differences in sweat responsiveness.
The results of the present study reveal that sweat responsiveness, aside from possible inherent individual differences, may be improved by long-term residence in a warm district or by a long athletic career, but not by transient changes in sweating activity caused by rises in environmental or seasonal temperatures. Accordingly, it is assumed that sweat responsiveness can be improved only by long-term acclimatization or habituation to heat and belongs to a different category from those physiological phenomena which can be acquired by shortterm heat acclimatization. Differences between transitory and long-term acclimatization have been noted by KUNO (1956) . He assumes that the neural mechanism governing sweat reflexes is less sensitive to heat in natives of the tropics on the basis of observations that more intense heat stimulation is required to provoke sweating by them than by natives of the temperate zones. From the dynamic aspect of sweat reflexes as seen in the present study, however, at least its "responsiveness" is not retarded, but may rather be improved in natives of the tropics. Aging does not appear to affect the sweat responsiveness, while effects of younger age and sex differences remain to be investigated. Conventionally, heat tolerance involves two different concepts : one of these interprets it as the ability to maintain physiological homeostasis and survive in extreme heat, and the other takes it as subjective feeling of comfort in a hot environment. The latter may be affected by many physical, psychological and social factors, and is considered to be difficult to evaluate directly by physiological means. However, the analytical method of sweat responsiveness presented in this study may contribute to evaluation of heat tolerance of individuals pertaining at the least to the latter category mentioned above, and possibly also to the former category. The readiness of sweat production following heat application is thought to be one of those factors which determine the effectiveness of heat balance in hot environment, and the ability to dissipate heat promptly in case of need may release, or at least retard the feeling of discomfort which comes from accumulation of body heat. Generally, natives of hot districts, athletes, and physical laborers are considered to have been habituated to heat stimulation and to have improved their tolerance to heat. The statistical demonstration of more synchronized sweat response in the groups of such individuals may support the view that sweat responsiveness may be related closely to heat tolerance.
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